INTRODUCTION
In human erythrocytes, the only phospholipids to be labelled on incubation with (32P]P1 are polyphosphoinositides and PtdOH (Allan, 1982) . This is because in these simple cells there is no synthesis of Ptdlns, but only a turnover ofthe 4-phosphate ofPtdIns4P and ofthe 4-and 5-phosphate groups of Ptdlns(4,5)P2 by specific kinases and phosphatases (Hokin & Hokin, 1964) and synthesis of PtdOH from diacylglycerol by a specific kinase (Hokin & Hokin, 1963) . The erythrocyte membrane also possesses a Ca2l-sensitive polyphosphoinositide phospholipase C (PIC) (Allan & Michell, 1978; Downes & Michell, 1981) , which leads to the formation of Ins(1,4,5)P3, Ins(1,4)P2 and diacylglycerol, but is thought to be inactive at physiological intracellular Ca2+ concentrations (Downes & Michell, 1982) . However, Ca2+ loading in the presence of the ionophore A23187, by activating PIC, induces a decrease in the polyphosphoinositide content and an increase in that of PtdOH (by conversion of the diacylglycerol generated by the action of PIC) (Allan & Thomas, 1981) .
Sickle-cell-anaemia (SS) erythrocytes are known to have an elevated Ca2l content, particularly the dense cell fraction rich in 'irreversibly sickled cells' (ISC) (Eaton et al., 1973; Palek, 1977; Bookchin et al., 1981) , and to accumulate Ca2l on deoxygenation (Palek, 1977; Bookchin et al., 1984 Eaton et al., 1978; Clark et al., 1980) and Na+-pump inhibition (Clark et al., 1978) , have been also often attributed to the high Ca2+ content of SS cells. However, the demonstrations that in SS cells (i) the excess of Ca2+ is sequestrated into endocytic inside-out vesicles (Lew et al., 1985; Rubin et al., 1986) , (ii) the free cytoplasmic Ca2l concentration is not higher than in normal erythrocytes (Bookchin et al., 1984; Rhoda et al., 1985; Murphy et al., 1987) and (iii) the Ca2+-sensitive K+-selective channel is not activated (Ortiz et al., 1986) have led to questions about the putative role of Ca2+ in these alterations.
In the present study, we' have measured the Vol. 254 concentrations of polyphosphoinositides and PtdOH, the 32P incorporation into these phospholipids and tried to detect the possible production of Ins(1,4,5)P3 in normal (AA) and SS erythrocytes, under different conditions designed to reveal PIC activity.
[32p]-Ins(1,4,5)P3 was measured by an original procedure, initially developed with Ca2+-ionophore-treated AA cells and using ion-pair reverse-phase h.p.l.c. The results show that PIC is not activated in SS cells, even in the denser fractions or even when deoxygenated, and thus are consistent with the compartmentalization of SS-cell Ca2" into endocytic vesicles.
The apparent discrepancies with the data of Ponnappa et al. (1980) are likely to be due to the greater number of samples analysed in the present work, and those with those of Raval & Allan (1986) to differences in the ionic conditions of the density-gradient solutions used for cell separations. Blood samples from normal donors and from patients homozygous for haemoglobin S were obtained with informed consent. All patients had received their last blood transfusion at least 2 months before the study and had 8-27 % ISC. After centrifugation (1000 g, 10 min), the plasma and buffy coat were removed by aspiration and the erythrocytes were washed three times in buffer A (140 mM-NaCl, 5 mM-KCl, 1 mM-MgCl2, 1 mM-CaCl2, 10 mM-glucose, 1 mM-NaH2PO4/Na2HPG4 1 MM Hepes, pH 7.4). The cells were resuspended in buffer A, and, unless otherwise mentioned, the suspension was kept overnight at 4 'C. Density-gradient separation of erythrocytes A discontinuous gradient of stractan (arabinogalactan polysaccharide; Sigma) was used to fractionate the cells as described by Corash et al. (1974) Packed erythrocytes were haemolysed in 30 vol. of 10 mM-Tris/HCl (pH 7.4)/I mM-EDTA, centrifuged (25000 g, 10 min) and washed twice with the same buffer. Acidic lipid extraction, t.l.c. separations and quantification of phospholipid contents and radioactivities were carried out as previously described (Giraud et al., 1984; Wallace et al., 1983) . ATP content and specific radioactivity Cells were extracted with ice-cold HCIO4 (final concn. 5 %, w/v), neutralized with KOH and centrifuged (9000 g, 2 min) for removal of KC104. The extract was applied to a ,uBondapak C18 h.p.l.c. column, and the nucleotides were eluted with 0.025 M-tetrabutylammonium hydrogen sulphate/0. 1 M-KH2PO4 (pH 7.2)/ 10% (v/v) methanol, at a flow rate of 1 ml/min. This method achieved excellent separation of AMP, ADP and ATP, which were detected by absorption at 254 nm. The ATP mass was estimated from a calibration curve which was linear up to 30 nmol. The 32P radioactivity of the ATP peak was measured in the effluent by Cerenkov radiation with a radioactivity detector (Flo-one HP; Radiomatic Instrument and Consommables), interfaced with the h.p.l.c. system. mM-glucose/ 1.5 mM-Hepes (pH 7.4) at 40 % haematocrit. Cells were washed three times in 150 mM-KCI/0. 15 mM-MgCl2/10 mm-glucose/1.5 mM-Hepes (pH 7.4) and (Irvine et al., 1985) . In this second system 32P radioactivity again coeluted with [3HJIns(l,4,5)P3 (see Fig. 3d ). are means of duplicate determinations in a single experiment. Specific radioactivity of [y-32P]ATP was calculated by dividing the specific radioactivity of ATP, which is labelled on f,-and y-P, by 2. Specific radioactivities of 4-P of PtdIns4P and of 4-P+ 5-P of PtdIns(4,5)P2 were calculated by multiplying the specific radioactivities of total phosphorus by 2 and 1.5 respectively (Muller et aL, 1986) .
METHODS

RESULTS
Lipid content
Membranes from fresh AA and SS erythrocytes were used for these experiments. In Table 1 , the concentration of each phospholipid is expressed as a molar percentage of the total phospholipids. The concentrations of Ptdlns and PtdIns(4,5)P2 were the same in AA and SS erythrocytes. In contrast, major differences were found in the content of PtdIns4P, which approximately doubled, and in that of PtdOH, which'decreased about 2-fold, in SS cells. In addition, in the lipid extracts from SS cells, a compound migrating just below PtdOH in system B (see Giraud et al., 1984) and marked X in Table 1 (Fig. la) . It was slightly lower in SS cells than in AA cells for the period preceding this equilibration.
ATP specific radioactivity was slightly lower than that in AA cells, as mentioned above, in both the light and the dense cell fractions. The specific radioactivities of Ptdlns(4,5)P2, PtdIns4P and PtdOH were always higher in SS cells than in AA cells (Figs. lb-ld) . The specific radioactivity of PtdIns(4,5)P2 was nearly equal to that of PtdIns4P, in each type of cells, at the latest time of observation (4.5 h). At that time, PtdIns4P specific radioactivity was about 40 % of that of ATP in SS cells, whereas it was only 17 % in AA cells. For PtdOH, these values were 22 % and 6 %. Fig. 2 Table 4 show that none of these treatments had any significant effect on the radioactivity incorporated into each phospholipid. In particular, there was no special difference for deoxygenated SS cells incubated with or without Ca2 . In addition, the concentrations of PtdIns(4,5)P2 and PtdIns4P were not modified in SS or in AA cells after the deoxygenation (results not shown). Variations in the experimental conditions (deoxygenation period shortened to 30 min or extended to 1 h, Ca2+ concentration in the medium increased to 2 mM) also failed to reveal any effect of deoxygenation on the content or on the radioactivities of the phospholipids. 45Ca uptake, measured under the same conditions, was clearly stimulated in deoxygenated SS cells incubated in the presence of Ca2+ (results not shown), in agreement with previous reports (Palek, 1977; Bookchin et al., 1984) . (Feirreira & Lew, 1976 of duplicate determinations in five independent experiments with AA cells and in seven independent experiments with SS cells.
In some experiments the Ca2+ concentration of the medium was increased to 2 mm, and in others the deoxygenation period was either 30 or 60 min. Results were the same as those obtained in the standard conditions (1 mM-CaCl2 and 45 min) and hence were included in the means presented in this Table. 32P incorporation (%) (Fig. 3d ).
DISCUSSION
The high Ca2+ content of SS erythrocytes has been often implicated in some of the alterations found in these cells, such as dehydration resulting from Ca2+ activation of the K+ channel (Glader & Nathan, 1978; Eaton et al., 1978) . This interpretation presumed that most of the excess of Ca2" in these cells was freely distributed in their cytoplasm. As a consequence, PIC should be activated in SS cells, as it is in ionophore-treated AA cells (Allan & Thomas, 1981) . The SS erythrocytes should exhibit a decrease in the content of polyphosphoinositides and an increase in that of PtdOH, particularly the denser fractions rich in ISC and which have the higher Ca2" content. This is what was reported by Raval & Allan (1986) . In contrast, we have found that the concentration of PtdIns(4,5)P2 (as well as that of PtdIns) was not changed in SS cells compared with AA cells, but that the concentration of PtdIns4P was increased and that of -PtdOH was decreased. The same modifications were found in dense or light SS cells. Raval & Allan (1986) did not provide the phospholipid concentrations of the unfractionated AA and SS cells, so that it is not clear whether the stractan fractionation method in itself (Clark et al., 1980; Ortiz et al., 1986; Kuypers et al., 1987; Jain, 1988 (Palek, 1977; Bookchin et al., 1984 ,umol/l of cells (see the Results section), the lack of production of Ins(1,4,5)P3 could indicate that [Ca2+] , in deoxygenated SS cells never reaches that value. The increase in Ca21 permeability, induced by deoxygenation, may result in only a transient increase in [Ca2+]1, because of a rapid extrusion by the Ca21 pump both into intracellular endocytic vesicles and out of the cell (Bookchin & Lew, 1983; Lew etal., 1985; Murphy etal., 1987) . These brief transients in [Ca21]i would not be able to produce a sustained activation of PIC.
An important feature of SS cells relative to AA cells was the acceleration of the 32p turnover in Ptdlns(4,5)P2, PtdIns4P and PtdOH. A similar observation has been reported by Ponnappa etal. (1980) . Interestingly, these increases were of the same order of magnitude in both the light and the dense SS cell fractions, indicating that the acceleration of 32p turnover was not the consequence of the high Ca21 content of SS cells. The increased 32p turnover of polyphosphoinositides and PtdOH in SS cells could have been due to an increase in the 32p specific radioactivity of their precursor ATP because of a possible greater metabolic activity, owing to the relative youth of these cells (Bertles & Milner, 1968) . Instead, ATP specific radioactivity was the same or even slightly lower in SS than in AA cells, and was also the same in both the light and dense SS cell fractions, in agreement with previous results (Dzandu & Johnson, 1980) . One possibility to explain the increased 32P turnover of polyphosphoinositides and PtdOH is that the activity of the enzymes involved in the metabolism of these phospholipids (kinases and phosphatases) was modified. The increase in the content of PtdIns4P could indicate an increase in the activity of PtdIns kinase, as shown in isolated SS cell membranes (P. Boivin & C. Galand, personal communication). The evidence for the existence of multiple pools of polyphosphoinositides and PtdOH in AA-cell membranes, with only a fraction of these lipids being metabolically active (Muller et al., 1986; King et al., 1987) , offers an alternative explanation. An apparent acceleration in the turnover of these lipids, in SS cells, can be solely the consequence of a metabolic compartmentation different from that found in AA cells, with more molecules within the metabolically active pools. The observations of perturbations in the asymmetric distribution of aminophospholipids in SS cells are consistent with this hypothesis (Chiu et al., 1979; Lubin et al., 1981; Zachowski et al., 1985) . More experiments are needed to determine whether the increased turnover of polyphosphoinositides and PtdOH in SS cells is due to a change in enzymic activities or to a different organization of these lipids in membrane domains where they are more accessible to the enzymes.
